Seventeen cases of coexisting secreting pituitary adenomas and partially empty sellas are presented. The location of the cisternal invagination into the sella was not helpful in predicting the location of the tumor. In patients with endocrine indication of a secreting pituitary neoplasm, the finding of a partially empty sella should not contradict the diagnosis.
The authors reviewed case histories and radiographs of patients with coexisting pituitary adenomas and partially empty sellas who were treated at H. C. Moffitt Hospital, University of California, San Francisco (UCSF), during the period from January, 1968, to March, 1976 . Patients who had previously undergone pituitary surgery or radiation therapy were excluded from the study. In all cases of the amenorrheagalactorrhea syndrome, operative confirmation of tumor was required for inclusion in the study. Before 1972, selected patients with clinical features of acromegaly and supportive endocrine data were either referred for pituitary irradiation or underwent transsphenoidal cryohypophysectomy without operative confirmation of the pituitary tumor. These patients were included if, at the time of pretreatment pneumoencephalography (PEG), air entered the sella turcica.
Various radiographic procedures used in preoperative investigation of the sella turcica and pituitary gland were evaluated independently; each test was reviewed to assess its contribution to the diagnosis of adenoma. All patients had skull films or coned-down plain views of the sella. All but two patients had bilateral internal carotid arteriograms. Frontal and lateral sella tomograms were obtained in all patients either as a separate study or as an integral part of the PEG. Anteroposterior and lateral tomograms were per- formed during each PEG, and hypocycloidal motion was used in most of the tomography. The composite test results were then studied for the final radiographic impression regarding the presence of a tumor. The site of air entry into the sella in both frontal and lateral views was compared with the proven tumor position, to determine the diagnostic value of the air-filled subarachnoid space in predicting tumor location.
Summary of Cases
From 1968 through March, 1976, 52 patients with the syndrome of amenorrheagalactorrhea and 79 patients with acromegaly were operated on at UCSF. Nine patients with amenorrhea-galactorrhea, and eight with acromegaly had partially empty sellas on preoperative PEG's. Table 1 lists age, sex, and corresponding tumor histology for each patient. In four acromegalic cases no tissue was available. The endocrine data provided for some patients by referring specialists were incomplete; available values are listed in Table 2 .
Frontal and lateral skull films or coneddown plain views of the sella accurately indicated the presence of a tumor in all 17 cases. Tomograms substantiated the plain films in indicating tumor presence in all cases. No case had the combination of normal plain films and abnormal tomograms, although we have seen such cases with proven microadenomas, but without partially empty sellas.
Arteriograms were helpful in only three instances, showing laterally displaced, juxtasellar internal carotid artery segments that indicated lateral extension of the adenomas. Such tumor protrusion could not be diagnosed by the other tests. The lateral arterial displacement was visualized best on the basal projection.
Pneumoencephalography was the most accurate test in indicating both the presence and position of the pituitary masses, in part because of the use of frontal and lateral tomograms during the procedure (Figs. 1-4) . The site of air entry into the sella had no predictive value for tumor location. The air was contralateral or central in the coronal plane in all but one case, in which air entered the sella on the same side as the tumor. Air entered the superior-anterior or superiorcentral aspects of the sella in the sagittal plane in all cases but two; in these, air entered the sella in the superior-posterior aspects. Tumor position was proven in one of these cases, where it was situated inferiorly along the sella floor in a wafer-like configuration (Fig. 5) .
We attempted to design a classification relating the volume and configuration of the herniated suprasellar subarachnoid space with the size and position of the tumor. The variability of the volume and shape of the intrasellar air made such a classification difficult. This finding is not surprising, considering the variation in the appearance of partially empty sellas in patients with normal pituitary glands, and the poor correlation between pituitary gland volume and sella turcica volume. ~ Thus, the position of the intrasellar subarachnoid space does not aid the surgeon in locating the pituitary adenoma.
Discussion
Extension of the subarachnoid space into the sella turcica was described originally by Busch. 4 Robertson TM later described the PEG findings of the empty sella. Many papers have dealt with the pathogenesis of this condition, and although no mechanism has been accepted unanimously, incompetence of the diaphragma sellae is generally regarded as prerequisite to development of an empty sella. 9,1~ Invagination of the suprasellar cistern into the sella is seen occasionally on postoperative or postradiotherapy PEG's. TM The diaphragma may be incised surgically, attenuated by the neoplasm, 15 or be congenitally deficient. Sellar contents are thus FI~. 2. Pneumoencephalogram showing a partially empty sella in a 30-year-old woman with amenorrhea-galactorrhea. 
large arrow). Intrasellar air is present (small arrows). Right: The air is central in the coronal plane (arrows).
A microadenoma was removed from the right side of the gland. cystic or hemorrhagic degeneration may be found in many pituitary adenomas? 7 Eosinophilic tumors are peculiarly liable to infarction? Recently, Login and Santen x3 reported an empty sella in a patient whose acromegaly resolved spontaneously. The authors speculated that the tumor had undergone silent selective infarction that in turn led to the creation of an empty sella. Spontaneous resolution of acromegaly with decreasing serum growth hormone levels has been reported several times. 6,~8,2~ Login's report is the only case in which an empty sella was found; however, in many of the other reports pneumographic findings were not discussed. Such infarction or degeneration could explain the coexistence of the partially empty sella and pituitary adenomas. None of our patients reported a history of an apoplectic episode. However, hemorrhage and cyst formation within pituitary adenomas have been frequent findings in our surgical experience.
The tumors in patients with the amenorrhea-galactorrhea syndrome were microadenomas (less than 10 mm in diameter), which would probably not be capable of distorting and tearing the diaphragma sellae. It is difficult to believe that, in patients with larger tumors, clinically silent infarction in masses sizeable enough to tear the diaphragma occurs frequently. More likely, the diaphragma is congenitally incompetent. Cases of pituitary adenoma coexisting with a partially empty sella may represent spontaneous degeneration of neoplasm in patients with a congenitally deficient diaphragma.
The prevalence of the empty sella has been stressed in several reports since the initial description in 1951. Empty sella is common enough so that one may expect the appearance of incidentally associated pituitary neoplasms. Kaufman and Chamberlin, '~ in a study of 89 autopsies of patients without known endocrine disease, reported that 71.9% of diaphragmas in their series would allow cisternal herniation and sella remodelling. In that series, 37% had what we consider "partially empty" sellas, and 6.7% had what Busch classifies as a Type 3C, or completely empty sella. In 20% of a series of 225 autopsies reported by Bergland, et al.,1 the subarachnoid space had extended into the sella turcica. In 1972, Levin reported that a partially empty sella was seen in 8% of untreated acromegaly patients who had undergone PEG at UCSF. TM The incidence of partially empty sellas may be lower in patients with pituitary neoplasms than in the general population, because the neoplasm fills available space. In our series, 17.3% of patients with the syndrome of amenorrheagalactorrhea and 10% of patients with acromegaly had partially empty sellas. Several previous reports have described the endocrine findings in the empty sella syndrome. 2,5aa6 In most patients endocrine function was normal, but some patients demonstrated impaired growth hormone and adrenocorticotropic responses to the usual stimulation tests. 2,13 Faglia, et al., 7 commented that these changes were reminiscent of those found in chromophobe adenomas. It is disconcerting that endocrinologically a nonsecreting pituitary tumor may be identical to an empty sella, and radiologically a large portion or most of the sella may fill with air despite the presence of a neoplasm. As yet, a nonsecreting pituitary neoplasm coexisting with a partially empty sella has not been reported, but we can see no reason why such a combination should not occur.
In patients with clinical and endocrinological evidence of acromegaly or the Forbes-Albright syndrome, the finding of air within the sella turcica should not delay operative intervention. This statement now applies to Cushing's syndrome. Intrasellar extension of the suprasellar cistern does not usually coincide with endocrine dysfunction. In a patient with signs and symptoms or endocrine data indicative of a pituitary neoplasm, the presence of a partially empty sella on PEG does not preclude such a tumor.
